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Shape of the Dose-Response Curve

Is the cancer risk from a given dose of radiation strictly proportional
to the dose? Are larger doses more effective than linear extrapolation of
low dose risks would imply? Are the effects of repeated doses, separated
in time, the same as if the entire dose had been delivered at once? Are
the effects of a given total dose received at very low dose rates the same
as those from the same dose at high dose rates? Are there doses so small
that they have no effect? Specifically, since the effects are measured in
populations that have had rather large doses delivered at a very high dose
rate, how shall we use that information to assess the effects of small doses,
received at low dose rates? The latter problem is faced by those who must
establish limitations for occupational and general population exposures. As
is suggested in Chapter 1 of this report, it may be desirable to reduce the
estimates derived here by a "Dose Rate Effectiveness Factor" (DREF) of
about 2 for application to populations or persons exposed to small doses at
low dose rates. On the other hand, as mentioned above, the estimates could
be too small by a factor of about 2 for application to the consequences of
x-ray exposures. It may be that these two factors (DREF and the relative
biological effectiveness of gamma rays) could, in some cases, simply offset
each other.

Procedures Employed

The approach taken here follows that used by the NIH Committee
in its report on the Radioepidemiological Tables (NIH85). In brief, that
approach is to assess the magnitude of the error that may be attributable
to each independent component of an estimate and then to combine the
individual estimates into an overall estimate. Some of the components
of error, such as the statistical variability in the number of deaths in a
population group, can be evaluated in a conventional way; others, however,
like the uncertainty associated with the application of risks in a Japanese
population to a U.S. population, cannot be evaluated objectively. Instead,
we resort to a consensus of expert opinion as to the uncertainty, expressed
in a number on a scale commensurate with ordinary statistical measures of
variability.

Uncertainty is expressed as the "Geometric Standard Deviation," (or
GSD), that is in ratio terms; by an uncertainty of 1.2 (20%) it is meant
that the range of uncertainty of the estimate is from its value divided by
1.2 to the value multiplied by 1.2. If, for example, some excess relative
risk is estimated to be 0.3 per Gy, with an uncertainty (exp <r) of 1.4
(a- - 0.336), we would mean that it is believed that the chance is 68% that
the value lies in the range from 0.3 divided by 1.4 = 0.21 to 0.3 times 1.4
= 0.42. We call such an interval a "68% credibility interval." We use the